We present our optical photometric observations of three TeV blazars, PKS 1510-089, PG 1553+113 and Mrk 501 taken using two telescopes in India, one in Bulgaria, one in Greece and one in Serbia during 2012 -2014. These observations covered a total of 95 nights with a total of 202 B filter frames, 247 images in V band, 817 in R band while 229 images were taken in the I filter. This work is focused on multi-band flux and colour variability studies of these blazars on diverse timescales which are useful in understanding the emission mechanisms. We studied the variability characteristics of above three blazars and found all to be active over our entire observational campaigns. We also searched for any correlation between the brightness of the sources and their colour indices. During the times of variability, no significant evidence for the sources to display spectral changes correlated with magnitude was found on timescales of a few months. We briefly discuss the possible physical mechanisms most likely responsible for the observed flux variability.
INTRODUCTION
Flat spectrum radio quasars (FSRQs) along with BL Lacertae objects (BL Lacs) constitute the most extreme subclass of radio-loud Active Galactic Nuclei (RLAGNs) called blazars, with observed luminosity outshining their host galaxies. The dominant radiation sources in these objects are believed to originate from relativistic jets that are very strongly Doppler boosted by being viewed at angles 10
• with the observer's line of sight (LOS) (e.g. Urry & Padovani 1995) . This gives rise to flux variability in all electromagnetic (EM) bands, from radio to very high energy (VHE) gammarays, strong optical (>3%) and radio polarization as well as superluminal motion and anisotropic radiation.
The variability of blazars may either arise from accretion disc (AD) instabilities or changes intrinsic to the relativistic jet, although interstellar scintillation can also cause observed radio variations (e.g. Heeschen et al. 1987 ). These fluctuations have been ⋆ E-mail: acgupta30@gmail.com observed at all accessible timescales ranging from a few minutes through days and months to even decades. Blazar variability is often broadly divided into three temporal classes. Changes of few hundred to few tenths of magnitude observed in the flux of a source from minutes to less than a day are categorized as intra-day variability (IDV) or or micro-variability or intra-night variability (e.g. Kinman 1975; Wagner & Witzel 1995 , Clements, Jenks, & Torres 2003 Rector & Perlman 2003; Xie et al. 2004; Gupta et al. 2008a) , while variations taking place from several days to few months are usually known as short time variability (STV) and those taking from several months to many years are usually called long term variability (LTV; Gupta et al. 2004) ; in the latter two classes blazar variability often can exceed even 5 magnitudes. Blazar spectral energy distributions (SEDs) consist of two different components (e.g. Mukherjee et al. 1997; Weekes 2003) . At lower frequencies (radio through UV or X-rays) their energy spectrum is widely accepted to be dominated by synchrotron emission from the relativistic electrons spiraling in the magnetic field of the jets, while most X-rays and all gamma-rays are believed to be exc 2014 RAS plained by inverse Compton (IC) scattering of low energy photons originating from the AD or broad line region; however, in most cases the seed photons can be synchrotron photons, thus producing synchrotron self-Compton emission. Based on the location of the first peak of the SED blazars are sub-classified into low energy peaked blazars (LBLs) and high energy peaked blazars (HBLs) with first hump peaking in the NIR/optical in case of LBLs and the second one at GeV energies. In HBLs the first peak lies in UV/X-ray band and the second one at TeV γ−rays energies (e.g. Padovani & Giommi 1995; Abdo et al. 2010 ). According to Fossati et al. (1997) , HBLs are lower luminosity objects with a higher space density and stronger magnetic fields, while LBLs are higher luminosity objects, with a lower space density possessing weaker magnetic fields. To be more quantitative, the ratio of X-ray flux in the 0.3-3.5 kev band to the radio flux density at 5 GHz, has been employed, with low-synchrotron-peaked (LSPs) objects defined as those with this ratio below 10 −11.5 while for in high-synchrotronpeaked blazars (HSPs) it is greater (Padovani & Giommi 1996) . Another class of blazars with SED peaks at intermediate frequencies are sometimes distinguished and are known as intermediate synchrotron peaked blazars (ISPs; Sambruna, Maraschi & Urry 1996) . Miller et al. (1989) found the first clear evidence of optical IDV. Carini (1990) found IDV in more than 80% of blazars when the duration of observations exceeded 8 hrs. Later, Gupta & Joshi (2005) studied a larger sample of AGNs and detected significant IDV in ∼ 10% of radio-quiet Active Galactic Nuclei (RQAGNs), 35-40% of RLAGNs (excluding blazars) when observed for ∼ 6 hours while IDV was seen in 80-85% of blazars when observed duration exceeded 6 hours. To understand the complex flux variation phenomenon, both quasi-continuous measurements over single nights and longer term photometric monitoring are required. Multiband variability studies help to reveal the true nature of blazars and provide valuable constraints in the emission models. From long term studies in the optical part of the EM spectra, HBLs are found to be less variable and polarized than LBLs (Jannuzi et al. 1994) . They also found the amplitudes of variability to be much smaller in case of HBLs than those for LBLs. Over the past decade, many new high energy, TeV blazars have been discovered, with a recent number reaching 54 (Holder 2012; , among which 80% (44 out of 54) are found to be HBLs. These TeV HBLs are characterized by strong variability on diverse timescales ranging from a few months down to even a few minutes (e.g. Begelman et al. 2008; Nalewajko et al. 2011; Gaur, Gupta, & Wiita 2012; Barkov et al. 2012) . Variability studies help us to understand the particle acceleration mech- 2014 06 15  C  3,3,3,3  2014 07 01  D  0,2,2,2  2014 07 02  D  0,2,2,2  2014 07 03  D  0,2,2,2  2014 07 04  D  0,2,2,2  2014 07 05  D  0,2,2,2  2014 07 06  C  3,3,3,3  2014 07 21  C  3,3,3,3  2014 07 22  C  3,3,3,3  2014 07 25  C  3,3,3,3  2014 07 29  C  3,3,3,3  2014 08 03  D  0,2,2,2  2014 08 18  D  0,2,2,2 anisms taking place in the relativistic jets and can shed light on the central regions of blazars, accretion processes and the structure of the jets. Rapid variability of TeV blazars at diverse timescales can be more easily observed by virtue of the high bulk Lorentz factors (often 25) of the knots seen in their relativistic jets. The key motivation of this paper is to study flux and colour variability characteristics along with spectral changes of three TeV blazars at diverse timescales to increase our current understanding of blazar variability through photometric studies. Here we report the photometric observations of PKS 1510-089, PG 1553+113 and Mrk 501 on diverse timescales using five telescopes, starting in June 2012 and running through September 2014. This paper is organized as follows: in section 2, we describe the observations and data reduction; section 3 gives the details about the analysis techniques used; section 4 provides our results of IDV and STV/LTV along with colour variability of our sample of blazars; we present a discussion and our conclusions in section 5. 
OBSERVATIONS AND DATA REDUCTIONS
The optical photometric observations of our blazar sample were carried out in the B, V, R, and I pass-bands, with two telescopes in India, one in Greece, one in Bulgaria and one in Serbia, all equipped with CCD detectors. The details of these five telescopes, detectors and other parameters used are given in Table 1 . Over 1495 image frames covering 95 nights between June 2012 and Sept 2014 were taken for three blazars, PKS 1510-089, PG 1553+113 and Mrk 501, to study their flux and spectral characteristics on diverse timescales. Observation logs, including date of observation, number of images acquired in each filter and the telescope used are presented for the three blazars individually in Tables 2, 3 and 4.
Telescopes and Data Reduction
The optical photometric observations of these blazars were carried out using five telescopes around the world among which two telescopes are in India operated by Aryabhatta Research Institute of observational sciencES (ARIES), Nainital. A and B). We also employed the 1.3m RC telescope of Skinikas Observatory 1 , of the University of Crete (Greece). Technical parameters and chip specifications for the cameras used are given in Table 1 (Telescope C). All frames were exposed through a set of standard Johnson-Cousins filters. In addition to above telescopes, we carried out photometric observations of the blazars using the 60 cm Cassegrain telescope of Belogradchik AO, which was equipped with standard UBVRI filter sets. Instrumental details are summarized in Table 1 (Telescope D) . Observations were also taken with 60cm Cassegrain telescope, which is located on Vidojevica mountain in South Serbia, through Johnson-Cousins BVRI standard filter set (Telescope E). IRAF 2 packages were used for the pre-processing of the raw data following the steps described below. Bias frames were taken for each night at regular intervals. Taking the median of all bias frames acquired during a particular night, a master bias was generated which was subtracted from all twilight flat frames and also from the image frames taken during that night. The next step was to generate a master flat for each filter by median combining all the flat frames in a particular passband. Then each source frame is divided by normalized master flat to remove pixel to pixel inhomogenities. The final step of image pre-processing is to remove cosmic rays from all source image frames. Every science exposure was bias subtracted, dark subtracted and twilight flat fielded. Further processing was then done using the Dominion Astronomical Observatory Photometry (DAOPHOT II) software (Stetson 1987; Stetson 1992 ) to perform concentric circular aperture photometry and some customized scripts written in MATLAB were also used. Aperture photometry for the data obtained from telescope E, was done with MaxIm DL packages. For every night aperture photometry was carried out with four different aperture radii, i.e., ∼ 1× FWHM, 2× FWHM, 3× FWHM and 4× FWHM. Aperture radii of 2× FWHM were finally adopted for our final results as they provided the best SNR. For these blazars we observed three or more comparison stars from the same field as of the source 3 . We then selected two steady comparison stars based on their proximity in magnitude and colour to the blazar.
VARIABILITY DETECTION CRITERION
To investigate the IDV properties of blazars we used two statistics, namely the F-test and χ 2 test which helped us to state the statistically significance of the extracted results.
F-Test
The F-test is considered to be a proper statistic to determine any changes of variability. F values compare two sample variances and are calculated as (e.g. Agarwal et al. 2015) :
. (1) Here ( We take the average of F1 and F2 to find a mean observational F value. The F value is then compared with F (α) ν bl ,ν * , a critical value, where ν bl and ν * respectively denote the number of degrees of freedom for the blazar and star, while α is the significance level set as 0.1 and 1 percent (i.e. 3σ and 2.6σ) for our analysis. If the mean F value is larger than the critical value, the null hypothesis (i.e., that of no variability) is discarded.
χ 2 -test
To examine the presence or absence of IDV we also performed χ 2 -test which is defined as (e.g. Agarwal & Gupta 2015): 
where, V is the mean magnitude, and the ith observation yields a magnitude Vi with a corresponding standard error σi, which is due to photon noise from the source and sky, CCD read-out and other non-systematic error sources. Exact quantification of such errors by the IRAF reduction package is impractical and it has been found that theoretical errors are smaller than the real errors by a factor of 1.3-1.75 (e.g., Gopal-Krishna et al. 2003 ) which for our data is ∼1.5, on average. So the errors obtained after data reduction should be multiplied by this factor to get better estimates of the real photometric errors. This statistic is then compared with a critical value χ 2 α,ν where α is again the significance level as the in case of the F-test while ν = N − 1 is the number of degrees of freedom; χ 2 > χ 2 α,ν implies the presence of variability.
Percentage amplitude variation
The percentage variation on a given night is calculated by using the variability amplitude parameter A, introduced by Heidt & Wagner (1996) , and defined as
Here, Amax and Amin are the maximum and minimum values in the calibrated LCs of the blazar, and σ is the average measurement error.
RESULTS

PKS 1510−089
PKS 1510−089 (α2000.0 = 15h 12m 50.53s, δ2000.0 = −09
• 05 ′ 59 ′′ ) is a FSRQ at a redshift of z = 0.361 (Thompson, Djorgovski, & de Carvalho 1990) and is among the highly polarized AGN. Lu (1972) 1.68 mag in 60 min has been reported (Xie et al. 2002) . It was detected by the EGRET instrument on-board the CGRO in the MeVGeV energy band (Hartman et al. 1992 ) as γ-rays. The synchrotron emission peaks around IR frequencies and IC component seems to dominate the γ-rays . A pronounced UV bump is clearly visible in this source which can be attributed to the thermal emission from the AD around the central region (Malkan & Moore 1986; Pian & Treves 1993) . A rapid γ-ray flare was reported by D'Ammando et al. (2009) (2011) reported detailed analysis of their multifrequency monitoring of this FSRQ using AGILE. They also found noticeable spectral variations in the near-IR through optical bands and also found thermal features in the optical/UV spectrum in the broad-band SED of this source.
Flux and colour variability
The ∼ 4 months LCs for the blazar PKS 1510-089 in B, V, R, and I passbands are shown in Figure 1 along with the colour indices (B-I) and (V-R). Genuine STV was present, but this source exhibited no significant colour variation during the observation span. To provide a better view of the nature of the variability of this source around MJD 6840-6846, we have plotted this same time span on an expanded scale in Figure 2 .
In the following analysis, we have corrected the calibrated magnitudes for galactic extinction following the extinction map of Schlegel et al. (1998) short-term/long-term variability (STV/LTV) LC of PKS 1510−089 in the B passband which includes data from 6 nights using the 1.3m RC telescope in Greece. We monitored the source in he B filter for STV/LTV studies from JD 2456824.37 to JD 2456868.27. The maximum B band magnitude attained by the source was 16.77 on JD 2456824.37 while the brightest level of B = 16.41 was reached on JD 2456861.27, which is ∼ 1.39 magnitude brighter than the faintest level of B = 17.8 as reported by Liller & Liller (1975) , thus indicating that the source is not in a faint state and could possibly be in a post-outburst state. The corresponding STV/LTV LCs in V, R, and I passbands are displayed in the second, third and fourth panels (from the bottom) of Figure 1 using data sets from the 1.3m RC telescope in Greece and the 60 cm Cassegrain telescope in Bulgaria (telescope C & D) covering a time span between JD 2456778.37 to JD 2456888.28. The details of magnitude changes during the whole observation period are listed in Table 6 where column 1 is the source name, column 2 is the filter used for observation, Column 3 tells the faintest magnitude attained by the target and its corresponding JD is given in column 4, while the brightest value is given in column 5 , the time corresponding to it is given in column 6 and the last column gives the total magnitude range. During the entire monitoring period, the overall magnitude variations were ∆B = 0. 
PG 1553+113
PG 1553+113 (α2000.0 = 15h 55m 43.04s, δ2000.0 = +11
• 11 ′ 24.4 ′′ ) was discovered in the Palomar-Green survey of ultraviolet-excess objects as a 15.5 magnitude blue stellar object (Green, Schmidt & Liebert 1986) . It is a bright optical source with R band magnitude varying from ∼ 13 to ∼ 15.5 (Miller at al. 1988) while is hads a mean V-band magnitude around 14 (Falomo & Treves 1990; Osterman et al. 2006 ) Due to its featureless spectra, this object was suggested to be a BL Lacertae object (Miller & Green 1983 ) and its redshift determination has always been a challenge. Based on low resolution UV spectra, Miller & Green (1983) estimated its redshift ∼ 0.37. Based on the detection of strong Lyα + O VI absorbers, Danforth et al. (2010) proposed z > 0.395 while z 0.58 from statistical arguments. Recently, Kapanadze (2013) found that the upper limit to its redshift should be smaller than that proposed by Danforth et al. (2010) . Its classification as a HSP was determined from its SED (Falomo & Treves 1990; Donato, Sambruna, & Gliozzi 2005) . Falomo et al. (1994) found its optical spectral index to be constant (α ∼ -1) using observations between 1986 and 1991 while it underwent a variation of ∆V = 1.4. PG 1553+113 has been observed through entire EM spectra from radio through very high energy γ-rays up to 1 TeV (Aharonian et al. 2006; Albert et al. 2007b ). Its log(F2KeV /F5GHz )values range from 4.99 to 3.88, where F2KeV is its 2 keV X-ray flux, while F5GHz is the radio flux at 5 GHz (Osterman et al. 2006; .
Flux and colour variability
We monitored PG 1553+113 in the R passband on 7 nights for a span of ∼ 4 hours on each night to investigate flux variability properties on intra-day timescales. The IDV plots are displayed in Figure 3 where observation date and telescope used are mentioned within the plot itself. The observation log is given in Table 3 . To claim the presence or absence of intra-day variability we applied the F-and χ 2 -statisitical tests, the results of which are presented in Table 5 . The blazar is said to be variable (V) if the variability conditions for both tests are satisfied for the 0.999 level, while it is marked probably variable (PV) if conditions for either of the two tests are followed at the 0.99 level; while the it is marked nonvariable (NV) if none of these conditions are met. We detected strong microvariability on 1 night while it was found to be PV on 5 nights and was clearly NV on only a single night. The 1.2 year LCs in B, V, R, and I along with (B-I) and (V-R) colour variations for the blazar PKS 1553+113 are shown in Figure 4 . To study optical properties on short/long timescales we investigated the target in B, V, R, and I filters observed using all 5 telescopes on 29 nights during the period between JD 2456477.5 and JD 2456896.5. We have corrected the calibrated magnitudes for galactic extinction in each filter with AB = 0.188 mag, AV = 0.142 mag, AR = 0.113 mag and AI = 0.078 mag. The details of the magnitude changes during the whole observation span for each band are listed in Table 6 . Significant STV was found with moderate colour variations. The minimum R band magnitude attained by our target was of R = 13.81 on JD = 2456759.7 which is just 0.31 mag fainter than the brightest magnitude of R = 13.5 mag as observed earlier by Osterman et al. (2006) , when the source was in a flaring state. So it is fair to say that we have also observed this blazar in its flaring state. During our observation time span, the overall magnitude variations were ∆B = 0. 
Mrk 501
Mrk 501 (α2000.0 = 16h 53m 52.13s, δ2000.0 = +39
• 45 ′ 36.2 ′′ ) is the second closest BL Lacertae object after Mrk 421, with z = 0.034, and is thus an object of interest across the whole EM spectrum (Fan & Lin 1999; Kataoka et al. 1999; Sambruna 2000; Xue & Cui 2005; Gliozzi et al. 2006) . The near-IR-optical spectrum of this HBL shows a strong host galaxy signature with host brightness of ≃ 11.92 in R band (Nilsson et al. 2007 ). The SED of Mrk 501 displays a double-humped structure with peaks occurring at keV and GeV/TeV energies. The physical mechanisms responsible for the production of GeV/TeV hump are still a topic of debate (Ghisellini & Madau 1996; Krawczynski et al. 2004; Cerruti et al. 2012 ). In the optical regime, Heidt & Wagner (1996) reported a flux variation of ∼32% in a time span of less than 2 weeks while Ghosh et al. (2000) reported variability in 7 out of 10 nights during March & June 1997. Mrk 501 has been found to display rapid variability on few minutes timescales over the entire EM spectra (Albert et al. 2007a; Gupta et al. 2008a) , which can be attributed to relativistically beamed radiation from jets, jet deceleration (Georganopoulos & Kazanas 2003; Levinson 2007) , or other plasma mechanisms (e.g. Krishan & Wiita 1994) 
Flux and colour variability
The photometric magnitudes extracted during our monitoring campaign are displayed in figure 5 which shows ∼ 2.3 year LC for the blazar MRK 501. The LCs in B, V, R, and I passbands along with (B-I) and (V-R) colour variations are plotted in different panels of above figure. Figure 6 shows the nature of variability in more detail around MJD 6800-7000, when this blazar displays large variability.
The target was observed for 48 nights between 2456081.5 and 2456920.4 using five telescopes whose details are given in Table  1 . Details about magnitude changes in each band during the whole monitoring period are given in Table 6 . In the following analysis, we have corrected the calibrated magnitudes for galactic extinction as: AB = 0.069 mag, AV = 0.052 mag, AR = 0.041 mag and AI = 0.029 mag. The flux from the nucleus of the HBL is contaminated by the emissions of its host galaxy. So the observed magnitudes in each spectral band have also been corrected for the host galaxy contribution, following the measurements of Nilsson et al. (2007) to calculate the host galaxy contribution in R band which is then used to find the corresponding contributions for the B, V, and I bands (Fukugita et al. 1995) .
During our observation time span, the overall magnitude variations were ∆B = 0.41, ∆V = 0.35, ∆R = 0.35, and ∆I = 0.71. The mean magnitudes in B, V, R, and I are 14.80, 14.09, 13.68, and 13.07, respectively. The short-term and long-term LCs of Mrk 501 in (V-R) and (B-I) colours are shown in the top two panels of Figure  5 . The average colour indices are (B-I) = 1.72 and (V-R) = 0.41 The maximum variation noticed in the source for the (V-R) colour index during the entire LC was found to be 0.29 (the range was between 0.33 mag on JD 2456888.33 and 0.63 mag on JD 2456919.31), while that in (B-I) was 0.31 (this colour index ranged between 1.56 mag on JD 2456888.33 and 1.88 mag on JD 2456487.40).
Correlated variations between colour and magnitude?
As variations in the optical flux of blazars are accompanied with spectral changes, studying the colour index-magnitude relationship can be an useful tool to understand the origin of variability in blazars. In this section, we investigate the colour-magnitude relationship for all three blazars. Since spectral variations follow any optical flux variations, examining relationships between the corresponding variations in the colour indices such as (B-V), (V-R), (R-I), (B-R) or (B-I) of the three targets with respect to the variation in their brightnesses would be very helpful in understanding the variability characteristics in more detail.
Colour-magnitude (CM) plots on few months timescales for the three sources are shown in Figure 7 . We have fitted straight lines (CI =mV + c) to colour index, CI against V magnitude plots for each source. The fitted values for the slope, m, and intercept Tables 7, 8 and 9 for PKS 1510-089, PG 1553+113 and Mrk 501, respectively, along with the linear Pearson correlation coefficients, r1 and the corresponding null hypothesis probabilities, p1. A positive slope here means positive correlation between the CI and the brightness of the source. Here we consider the result significant only if the null hypothesis probability is p1 0.01 and Pearson correlation coefficient, r 0.5. A significant positive correlation in these plots would physically imply that the source follows a bluer-when-brighter (BWB; or redder when fainter) trend, i.e., the source tends to be bluer when its brightness increases, while a negative slope would indicate an opposite correlation between the source magnitude and CI, indicating that the source exhibits redderwhen-brighter behaviour (RWB) behaviour. The correlation analysis results between brightness of the source and the colour indices are also given in Tables 7-9. For these sources we did not find any strong correlation (Pearson correlation coefficient, r > 0.5) between V band magnitude and colour indices on several months timescale.
The CM relationship at diverse timescales can help us understand the emission mechanisms responsible for blazar variability and also help pin down the emitting regions. Different CM rela- Table 9 . Color-magnitude dependencies and colour-magnitude correlation coefficients on short timescales for Mrk 501. tionship in BL Lacs and FSRQs could be due to the existence of two varying modes, i.e., larger flux variations with lesser spectral changes or vice versa. Raiteri et al. (2003) found at most weak correlations between the source magnitude and the colour indices for the BL Lacerate object S5 0716+714, that are similar to our results. Agarwal et al. (2016) also found no evidence for the source to display spectral changes with magnitude on either of the timescales even when the BL Lac S5 0716+714 was rapidly variable. The CM relation in blazars has been found to vary among their outburst state, active state, and the faint state (Sasada et al. 2010) . Optical emission from blazars is generally a combination of jet and AD radiation and usually dominated by that from the relativistic jets. However, FSRQs are usually low frequency synchrotron peaked sources, thus having a substantial contribution to the blue-UV continuum arising from thermal contamination from the AD which is expected to produce a slowly and weakly variable bluer emission component. The position of the thermal blue bump and its strength in comparison to the jet emission also affect the spectral behaviour of FSRQs. When relativistically beamed jet synchrotron emission dominates the AD emission, the BWB trend can be explained by acceleration of relativistic particles or due to injection of fresh electrons having even harder energy distribution. Sun et al. (2014) recently proposed a timescale dependent colour variation model, according to which a BWB trend in blazars is strongest for timescales of < 30 days and it eventually weakens with as timescale increases to above 100 days. Our results seem to complement this model. Densely sampled and simultaneous multiband photometric observations will be helpful in understanding the CM relationship in greater detail and in better contraining models.
DISCUSSION AND CONCLUSION
Blazar variability studies can help us examine the radiation mechanisms in more detail while also provide an insight on the location, size, structure, and dynamics of the emitting regions (Ciprini et al. 2003) . Most mechanisms for variability in RLAGNs are expected to arise within the relativistic jet whose emission is Doppler boosted. The only significant extrinsic variability in blazars is probably seen in the radio band, where strongly frequency dependent interstellar scintillation is found to be dominant mechanism of variability at low radio frequencies. Intrinsic processes operate across all EM bands, and include directly those causing changes in the jet radio emission. Some of these clearly arise from synchrotron and Compton losses which cause electron energy losses but energy gains can come from the fresh injection of particles with energy distribution higher than that of the previous ones. Both of these processes can co-exist but operate on different timescales.
The initial origin of variability could be located in AD based fluctuations propagating into the jets, or it could start with changes in the outgoing flow, usually related to shocks in the blazar jets. According to the dominant shock-in-jet model, synchrotron and inverse Compton (IC) processes are the most common basic processes (Hughes, Aller, & Aller 2011) . When those intense emitting regions are found in the highly relativistic Doppler boosted jets pointed at very small angles with respect to the LOS, variations are significantly amplified and frequency shifted owing to relativistic beaming. Changes in the jet geometry due to changing jet direction can cause variations in the bulk Doppler factor of the relativistic blobs traveling along the jet (usually in range 10-30), which in turn can lead to blazar variability at realtively long time-scales (Hovatta et al. 2009; Rani et al. 2011) . The key processes responsible for blazar variability probably are due to a jet not being a stationary object which gives rise to various instabilities, turbulence (e.g. Marscher 2014; Calafut & Wiita 2015) and developing or decaying shocks. These act on a range of timescales. If δ is the the Doppler factor, since Fν ∝ δ ∼3 , an increase in δ causes an increase in flux (Villata & Raiteri 1999 ) and also in the observed frequency (ν ∝ δ). During their low states, blazar variablity can be attributed to AD instabilities since thermal emission from the central region of blazars can dominate over jet emission then. Then the variability can be explained by orbits of hot spots on the AD, including eclipsing of the hot spot by parts of the disk between the individual spot and the observer; this aspect directly depends on the geometry of the AD and also on the viewing angle of the observer. Even though optical band is a narrow part of the complete EM spectrum, it is critical in determinibg the presence of additional components other than synchrotron continuum, such as AD emission or host galaxy contribution.
The presence of both BWB and RWB trends in some blazars can be explained by superposition of both blue and red emission components where the redder one is attributed to the synchrotron radiation from the relativistic jet while the blue component could come from the thermal emission from the AD. The BWB trend may indicate that two components, one variable (with a flatter slope, αvar) (fν ∝ ν −α ) and another stable (with αconst > αvar), contribute to the overall emission in the optical regime. It also could be possibly explained with a one component synchrotron model if the more intense the energy release, the higher the particles' frequency (Fiorucci, Ciprini, & Tosti et al. 2004) . Then the BWB trend could be explained if the luminosity increase was due to injection of fresh electrons with an energy distribution harder than that of the previously cooled ones (Kirk et al. 1998; Mastichiadis & Kirk 2002) . The BWB trend could also be due to Doppler factor variations in a spectrum slightly deviating from a power law (Villata et al. 2004) . If optical emission is combination of emission from both jet and AD, then as the jet brightens from a low state, the colour of the combined emission gets redder as synchrotron emission from the relativistic jets is intrinsically redder than that of the AD, producing RWB behaviour. However, if even higher energy electrons are injected causing further brightening, then we get a bluer colour (BWB); this is usually dominant during an outburst state. We found a weak BWB trend, i.e., a spectrum becoming flatter when the object is brighter, in two of the sources while the opposite was found dominant in one of them.
In this paper, we have performed multiband optical photometry for three TeV blazars namely: PKS 1510−089, PG 1553+113 and Mrk 501 between 2012 and 2014 in a total of 95 nights in B, V, R, and I passbands. This allowed us to study flux and colour variability characteristics on diverse timescales. During our 7 nights of observation for IDV for PG 1553+113 we detected clear microvariability on a single night using F-statistics and χ 2 -test (at 3σ significance for both). But if we include PV cases (at 2.6σ for either tests) then we can say we found the source to be variable on intraday timescales on 6 out of these 7 nights. Carini (1990) monitored about 20 blazars and found IDV in most of them. He also noticed that probability of detecting IDV increased to 80% when observed for more than 8 hours. Later, a sample of 34 BL Lacerate objects were observed by Heidt & Wagner (1996) when they found that about 75% of the sample displayed significant variations when observed for < 6 hours. Carini et al. (2007) found that less than 10% of his blazar sample displayed variability on intraday timescales when observed for only ∼ 4-5 hours. Thus, the chances of observing IDV in blazars is greatly improved when observed for more than 6 hours. The results in this study are consistent with these earlier observations. Clearly, IDV results can be further improved by more dense and lengthier observations. We searched for flux and colour variability on few months to few years timescales and found significant flux variations on these timescales with moderate colour variations for all three TeV blazars. We also studied the correlation between the V magnitude of the source and corresponding variations in the (B-I), (B-V), (R-I), and (V-R) colour indices. Our observations did not reveal the presence of significant correlated spectral variability in these targets on short timescales. Variability studies of larger blazar samples on minutes to years timescales are extremely important since they can provide information on numerous blazar parameters.
